The aim of the work is to study the vibration characteristics of rotating functionally graded material (FGM) plates using the finite element method. The mechanical properties of the ordinary and temperature dependent FGM plates are assumed to be varying in the thickness direction according to a power law distribution in terms of the volume fractions of the constituents. The temperature field is ascertained using a nonlinear distribution in the thickness direction only. The present method results are compared with numerical results available in the literature. The frequency characteristics of the rotating ordinary FGM and temperature dependent FGM plates are examined. The effect of parameters such as hub radius, rotating speed, temperature change, and power law index value on the natural frequencies of rotating FGM plates are investigated through this study. The plots reveal that the temperature field, rotational speed, and the gradient index in the material properties have a significant effect on the vibration characteristics of the rotating ordinary FGM and temperature dependent FGM plates.
INTRODUCTION
FGMs are advanced composite materials made of two or more constituent's phases with continuous and smoothly varying composition. Many rotating structures such as turbine blades, wind turbine blades, and helicopter rotor blades can be modelled as rotating plates. Due to the extensive use of rotating plates, FGM plates are of significant interest to many researchers in the field of modelling, analysis, and design. Acquaintance with the natural frequencies of these rotating plate structures is essential in the design stages for studying their dynamical behaviour under resonance. The frequency analysis of rotating plates often varies considerably from those of non-rotating plates due to the influence of centrifugal inertia force. Due to this, there is a considerable variation of vibration characteristics that result from rotation.
The free vibration characteristics of rotating cantilever isotropic plates have been studied in several investigations. The Coriolis effect on the first bending and first torsional frequencies of flat rotating low aspect ratio cantilever plates using the finite element method has been investigated by Ramamurti and Kielb.
1 Murthy and Ramamurti presented the eigen frequencies of twisted rotating plates by using two different shape functions.
2 Here, the method of stress smoothing has been used for reducing numerical errors when calculating the improved stiffness matrix. The free vibration analysis of rotating rectangular plates has been studied by Wang et al.
3 Yoo et al. derived the equation of motion for the vibration analysis of a rotating pre-twisted blades. 4 They have used a modelling method that employs hybrid deformation variables. The linear equations of motion for the flap wise bending vibration analysis of rotating plates was developed by Yoo and Kim.
5 They used two in-plane stretch variables by which the exact in-plane strain energy of a plate can be expressed in a quadratic form.
Yoo and Pierre have investigated the model characteristics of a rotating cantilever plate by dynamic modelling method. 6 In this method, the parameters have been identified through a dimensional analysis and the effects of the parameters on the variations of model characteristics have also been studied. A modelling method for the modal analysis of cantilever plates undergoing accelerated in-plane motion has been presented by Lim and Yoo. 7 In their analysis, Von Karman strain measures were used to derive the in-plane and the lateral equations of motion. Finite element formulation for vibration analysis of rotating thick plates has been reported by Hashemi et al. 8 They used the Kane dynamic method for the derivation of nonlinear governing equations of motion, which included Coriolis effects and the couplings between in-plane and out of plane deformations.
A theoretical analysis of the FGM thin plates based on the physical neutral surface has been studied by Zhang and Zhou. They assumed changeable parameters such as Young's modulus and the mass density along the thickness of the plate, the physical neutral surface of an FGM plate is determined by the theory of thin plate, when Poisson's ratio is assumed to be constant in the whole plate. The effects of loading conditions and the aspect ratio on the mechanical behaviour of an FGM plate have been discussed by Chi and Chung.
10 They gave a comparison of the results of Polynomial-FGM, Sigmoidal-FGM, and Exponential-FGM. Croce and Venini formulated the governing equations for rectangular plates made of FGMs using the variational approach.
11 The free vibration and static analysis of FGM plates using higher order shear deformation theory and with a special modification in the transverse displacement in conjunction with finite element models have been proposed by Talha and Singh.
12 A new exact closed form approach was presented by Hashemi et al. for free vibration analysis of thick rectangular FG plates using the third-order shear deformation
